Figure 1. General location map of the Gamarri section in the central Afar depression (Ethiopia). Topographic altitudes (in m)
, contours (every 100 m), and main normal faults (rake symbol) are shown. Marshy areas are stippled.
Sampling
The Gamarri cliff was selected on the basis of a detailed search on Spot images, 1/250,000 topographic maps, and field exploration. The faulted western edge of the Gamarri block ( Figure 1 ) [Varet, 1975; Manighetti, 1993 ] provided the least difficult access. The section is located along the marshy Gamarri Lake, formed as the Awash River abutts the upfaulted basalts and is deflected to the south. The main cliff consists of more than 100 lava flows exposed along a steep scarp, approximately 1500 m high. A small downfaulted block with an incised erosional channel and resulting alluvial fan provided access for sampling of successive flows from the base up to where the cliff became too steep to sample. Each flow was considered as a site and numbered upward, starting from GA01 up to GA22. At this point it was noted in the field that a small normal fault separated the lower section from the upper flows. On the basis of field inspection, the first flow above GA22 was thought to correspond to GA21 and was labeled GB11. In the same way, GB 12 corresponded to GA22. Sampling had to be discontinued for safety reasons after reaching flow GB23. Altogether, 35 flows were sampled, but only 33 were actually distinct, as confirmed by later paleomagnetic analysis (below).
Six to 10 cores of standard 2.5 cm diameter were drilled from each lava flow, providing a total of 261 cores for paleomagnetic analysis. All cores were oriented in the field both with solar and magnetic compasses. The mean difference between the two readings is 1.3ø+ 3.3 ø , in excellent agreement with earlier determinations in Afar (1.3 ø + 2.6 ø and 1.2 + 2.8 ø for two independent series of cores covering much of the Djibouti Republic [Courtillot et al., 1984] ) and also with the declination predicted from the 1995 International Geomagnetic 
Paleomagnetic Experiments

Laboratory Treatment and Data Analysis
The cores were cut in the laboratory into 2.2 cm long specimens. Many cores allowed two, sometimes three companion specimens. Labeling was done in a systematic fashion for each core from base to top (closer to the exposed surface in the field). A total of 464 specimens were obtained; 375 were analyzed and led to the results presented here, the rest being available for further studies. All measurements were performed in the shielded room of the Institut de Physique du Globe de Paris (IPGP) paleomagnetic laboratory. Magnetic measurements were performed with a 2G cryogenic magnetometer (horizontal access, with three-coil online alternating field (AF) demagnetization with maximum peak field of 100 mT) and a JR5 spinner magnetometer. AF demagnetization was also done with a single-coil Sch6nstedt system. Thermal demagnetization was performed in two Pyrox, near-zero-field furnaces. As often as possible, twin specimens from the same core were subjected to both thermal (TH) and Results of these demagnetizations were displayed graphically in the usual way as vector diagrams and components were determined by least squares analysis [Kirshvink, 1980] . Whenever stable endpoints and linear segments could not be isolated, because of overlap of several components, the technique of remagnetization circles was used [Halls, 1976 [Halls, , 1978 . Sample, site, and block averages were all determined using Fisher [ 1953] 
Natural Remanent Magnetization
Demagnetization
One hundred sixty-three specimens were demagnetized by AF in the 2G magnetometer, and 92 were demagnetized using the JR5 and Sch6nstedt demagnetizer. One hundred twenty specimens were thermally demagnetized. Sixty-nine specimens in each set were from twins of the same core. Representative results are illustrated as vector diagrams in Figure 3 . In many cases, a low-coercivity component was removed by 10 mT, and a low unblocking temperature one was removed by 120 ø to 200øC. Though very scattered over an entire hemisphere, these components average quite precisely in the direction of the present field in Gamarri and are clearly dominated by very recent overprints. A second component appears above 10 mT in AF demagnetization and usually decays linearly to the origin (Figure 3a , with almost no low coercivity overprint; Figure 3c ; Figure 3g with a large low-coercivity overprint, with reverse polarity compared to the second component). About 40% of the NRM are removed by 20 mT, and 80% is removed by 80 mT. Figure 3e shows a case where (at least) two components largely overlap in AF. Thermal demagnetization is often similar to and consistent with AF demagnetization (Figures 3c and 3d) . The higher-temperature component is sometimes very linear (Figures 3b and 3d ) and sometimes more noisy (Figures 3f and  3h ). Figure 3f shows that TH demagnetization is in some cases more efficient to separate two components than AF, whereas Figure 3h shows a medium temperature overprint extending up to 350øC. The direction of the more robust component appears consistent but better determined by AF in that case. The evolution of selected demagnetization curves (Figure 4 ) confirms that medium destructive fields and median unblocking temperatures are of the order of 20 to 50 mT and 300 to 550øC, respectively, with some exceptions (e.g., in Figure 3a , sample GA1303b is still not half demagnetized at 100 mT; on the contrary, in Figure 4 , sample GA2105 has lost 60% of its magnetization by 5 mT). Demagnetization is most often complete by 580ø-600øC. In a few cases, a small component with the same direction persists up to 620øC. These and a large database of earlier results on stratoid basalts [see Manighetti, 1993] 
Paleomagnetic Directions
In most cases, determination of ChRM was rather straightforward, and the directions were identified using both the AF and TH methods, whenever they could be clearly identified in twin specimens. However, before introducing and discussing these results, it is interesting to report some more The fact that these are two sequences of two successive flows, with the same succession of quite different directions, is particularly strong evidence in this respect. This is a nice paleomagnetic test of an in-the-field geological hypothesis and allows us to merge the two sequences of flows into a single continuous one. Directions from GBll and GA21 (GB12 and GA22, respectively) will be averaged to provide the mean for each of these flows.
Specimens With Different TH and AF Results
overlap. The low-coercivity component has approximately normal polarity with low inclination; the high-coercivity one tends to be reversed with low inclination. Remagnetization circles [Halls, 1976 [Halls, , 1978 show that the poorly separated higher-coercivity component indeed has reversed polarity and is compatible with the directions found from other samples from the same flow. On the other hand, TH demagnetization would seem to yield a low-temperature component ( In two cases, specimens behaved in a very different way and demagnetization curve shows significant unblocking at 300 ø-yielded apparently contradicting results using the two 350øC. In any case, the TH behavior, which yields a techniques. Figure 6 shows that AF demagnetization of meaningless direction, must result from complete overlap of GA0901a reveals two components of magnetization with a large two components and does not allow isolation of an [Gillot and Cornette, 1986] ; the sample preparation procedure and laboratory analysis are as described in the above papers. Freshness of the samples and lack of any mineralogical phases indicating possible alteration were first checked from thin section examinations. Samples were crushed and the 250-400 gm size fraction was retained in order to remove phenocrysts. After ultrasonic cleaning in 20% nitric acid solution for 1 hour, followed by careful rinsing and drying, early crystallized phases (plagioclase, olivine, and pyroxene phenocrysts) were eliminated using heavy liquids in order to reduce as much as possible the potential influence of inherited At. The remaining microlithic groundmass was used for both K and Ar measurements. Potassium was measured by atomic emission photometry and argon was measured with a mass spectrometer identical to that described by Gillot and Cornette [1986] . Calibration of the Ar signal to better than 1% uncertainty was achieved using replicate measurements of the interlaboratory calibrated standar GL- [Odin 11982 ] with the recommended value of 6.679 10 at Ar* g . Uncertainties on K determinations are typically 1%, whereas those on Ar are a function of the radiogenic content of the sample.
All sampled lavas from the Gamarri section were indeed aphyric, except for GA17 with a strikingly distinct doleritic texture. Thin section examination suggested the presence of inherited plagioclase xenocrysts. The apparent age measured for this flow turned out to be about 10% older than all the other ones. This was therefore discarded and is not considered further. Table 2 Table 3 and Figure 11 ) are relatively large, reflecting the significant atmospheric contamination of these lavas. [Brown et al., 1978] . These sediments would seem to vindicate the "anomalous" Afar inclinations.
Results are given in
Secular Variation
Given the tectonic rotation suffered by the Gamarri-Dakka block, and by our Gamarri section along with it, one can correct observed mean directions for this rotation (Table 3) .
Corresponding VGPs can be calculated; their scatter is found to be 9.9 ø (confidence interval 8.3ø-12.3 ø ) when the six "transitional" directions are discarded [Cox, 1969] The first subset of results is for raw (unrotated) paleomagnetic results derived from Table 1 . The second subset is corrected for tectonic rotation (see text). The third subset gives some reference directions and poles for Africa. Table column [Valet and Meynadier, 1993 ], which would be consistent both with the 2.07 + 0.05 Ma mean we obtain and with our best determined individual age of 2.02 + 0.04 Ma from flow GB23, shortly postdating the normal subchron. We might therefore have sampled not the R6union event but a slightly younger geomagnetic feature. We may also propose that the earlier period of apparently strong secular variation which we find in the lower part of the Gamarri section (Figure 10) has sometimes been reported. Exceptional extrusion rates, large lava volumes, widespread exposure, and very limited alteration in the Afar depression make this region an outstanding location for further detailed work not only on the R6union subchron, but possibly also on Olduvai and, more generally, on patterns of paleosecular variation in much of the dominantly reversed Matuyama chron.
